Responding to mounting evidence of the association between whole-grain consumption and a reduced risk of heart problems and other diseases as well as body weight maintenance, the U.S. Government has strongly encouraged its citizens to increase consumption of whole grains. However, compared against the 2005 Federal dietary recommendations, in 1994-96 only 6 percent of Americans met the current recommended whole-grain consumption. To narrow this huge gap between actual and recommended consumption of whole grains, an effective nutrition education campaign is needed. A demand system with two censored consumption equations and two endogenous knowledge and attitude variables is estimated to investigate the factors that affect the consumption of whole and refined grains. The results can be used to help develop an effective education campaign in promoting consumption of whole grains in Americans' diets.
consumed slightly more than the recommended total grains (103 percent), using data from the 1994-96 Continuing Survey of Food Intakes by Individuals (CSFII) conducted by USDA's Agricultural Research Service (ARS). Americans over-consumed refined grains averaging 75 percent over the recommendation. It is a major challenge for Americans to meet the new guidelines on whole grains, as the 1994-96 consumption amounted to 31 percent of the recommended level and only 6 percent of consumers met the recommendation.
The grain industry and the public health community share an interest in increasing whole-grain consumption, with marketing and public health campaigns aiming at promoting such consumption. Designing effective promotional or marketing strategies require a good knowledge of grain consumption patterns. What are the factors associated with low or high consumption of grains and whole grains? Which population subgroups are particularly deficient in meeting the recommendation? Currently, such information is very limited (Harnack, Walters, and Jacobs; Kantor et al.; Moutou, Brewster, and Fox) .
One of the objectives of this study is to conduct a regression analysis to identify social, economic, demographic, knowledge, and behavioral factors that are associated with consumption of whole-grain products. Heterogeneity of preference has traditionally played a role in consumer demand and the roles of socio-demographic factors are often investigated in empirical studies. Other factors considered in the empirical literature include consumer knowledge and behavior. The literature on the effects of dietary knowledge and food-label use on food and nutrient intake and diet quality has proliferated since the release of the 1994-96 Dietary and Health Knowledge Survey and the passage of the 1990 Nutritional Label and Education Act (NLEA). Dietary knowledge has been linked to food consumption, including fat-modified foods (Coleman and Wilson), egg (Brown and Schrader; Kan and Yen; Yen, Jensen, and Wang) , meat (Kaabia, Angulo, and Gil; Kinnucan et al.) , and 25 food groups consumed at and away from home (Lin et al.) . Dietary knowledge has also been linked to the diet quality of children (Variyam et al. 1999) , elderly (Howard et al.) , and female household heads (Ramezani and Roeder). With respect to nutrient intake, there are reported links between knowledge and intake of fat (Carlson and Gould) , fiber (Variyam, Blaylock, and Smallwood 1996) , energy and nutrient density (Bhargava) , and fat and cholesterol (Variyam, Blaylock, and Smallwood 1997, 1999) . The use of nutrition fact panel mandated under NLEA has been found to affect the intake of fat (Kreuter and Brennan; Neuhouser, Kristal, and Patterson) and fats, cholesterol, sodium, and fiber (Kim, Nayga, and Capps).
Unlike socio-demographic factors, consumer knowledge and behavior are likely to be also determined by the factors that determine consumption; that is, they are likely to be endogenous. In this study, we investigate the roles of consumer knowledge and foodlabel use (as a knowledge-promoting device) as well as socio-demographic factors in the consumption of grain products, using data from a national food consumption survey in the United States.
As in other empirical analyses based on survey data, the sample we use contains a notable proportion of observations not consuming whole grains. This is the issue of censored dependent variable. In addition, as stated, consumer knowledge and food label use are potentially endogenous. It is well known that statistical procedures not accommodating censoring or endogeneity produce biased estimates. To accommodate these data features we construct a system of censored equations with dual endogenous regressors. Such an econometric specification has not been reported in the literature.
Data
The USDA has conducted periodic food consumption surveys in the United States since the 1930's. The most recent food consumption surveys, the 1994-96 Continuing Survey of Food Intakes by Individuals (CSFII 1994-96) and its companion Diet and Health Knowledge Survey (DHKS), conducted by USDA, provide the data for this study (USDA-ARS). The CSFII is the only national survey that includes a comprehensive section on dietary and health knowledge and attitudes. Each year of the 1994-96 CSFII survey comprises a nationally-representative sample of non-institutionalized persons residing in the United States.
In the CSFII, two nonconsecutive days of dietary data for individuals of all ages were collected three to ten days apart through in-person interviews using 24-hour recalls. Therefore, the PSD is still directly applicable to the current recommendation on grain consumption.
Socioeconomic and demographic data for the sample households and their members are also reported in the CSFII. The explanatory variables for grain consumption (refined and whole grains separately) include household income, household size, household structure, gender, age, race/ethnicity, location, and season (see table 1 for variable definitions and sample statistics). We hypothesize that the use of nutrition label and the perceived importance of consuming plenty of grain products also affect grain consumption, and these two variables are endogenized in a system of 4 equations. In addition to income, gender, age, and race/ethnicity, the use of nutrition label and perceived importance of grain consumption are hypothesized to be affected by education, exercise, smoking, whether the respondent is a meal planner, whether anyone in the household is on a special diet, and whether the respondent subscribes to the notion that some people are born to be fat. Many of these variables and the use of label and the perceived importance come from the DHKS, hence our analysis is limited to the CSFII adult sample.
Excluding those observations with missing values, there are 5,501 adults included in the final sample. Of the sample, 72.8% consumed whole-grain products, while almost all individuals (99.8%) consumed refined-grain products.
In the DHKS, respondents were asked when they buy foods, do they often, sometimes, rarely, or never use the information on: (1) the list of ingredients, (2) the short phrases on the label like "low fat" or "light" or "good source of fiber", (3) the nutrition panel listing the amount of nutrients, and (4) claims on health benefits of nutrients or foods. These four possible answers are grouped into use (often or sometimes) and not use (rarely or never). The DHKS respondents were also asked about their perceived importance (very, somewhat, not too, or not at all important) in choosing a diet with plenty of breads, cereals, rice, and pasta. The answers were grouped into important (very or somewhat) and not important (not too or not at all).
Econometric Model
We develop an estimation procedure for an equation system with censored dependent variables and endogenous regressors. In what follows observation subscripts are suppressed for brevity. Two binary endogenous regressors, food label use 1 ( ) y and nutrition knowledge 2 ( ) y , are specified as probit:
(1) 1( 0), 1, 2.
The remaining ( 2) n − equations are specified as a Tobit system:
In equations (1) and (2) u as i ω which is the squared root of the ith diagonal element of Ω . Then, the probability and conditional mean of (for 3,..., )
The unconditional mean of i y follows from ( ) Pr( 0) ( | 0)
equations (5) and (6). The effects of explanatory variables x , 1 y and 2 y can be derived from these expressions.
Results
The four-equation system, consisting of binary equations for food label use and perceived importance of grains and censored equations for whole and refined grains, is estimated by maximizing the likelihood function described above. There are four alternative variables representing the use of food labels -the list of ingredients, short phrases, nutrition panel, and health claims. These alternative specifications of label use produce similar results.
For brevity, we only present the results for using short phrases. This is because a shortphrase example is related to the fiber content of foods. Whole grains are known for their rich fiber content.
Maximum-likelihood estimates for the equation system are reported in table 2.
Among the six error correlation coefficients, four are significant at the 1% level of The parameter estimates are used to calculate the effects on the probability as well as conditional and unconditional levels of whole-and refined-grain consumption, based on equations (5) and (6) described above. Results are presented in table 3. The use of food labels and perceived importance are found to greatly influence the probability and mean level of whole-grain consumption. Compared with others, food-label users and those who perceive grain consumption as important are 15 and 31 percent more likely to consume whole grains. Among whole-grain consumers, food-label users and those who perceive grain consumption as important consume 0.09 and 0.19 more serving of whole grains. Overall, this increased probability together with a higher mean level of wholegrain consumption results in a total increase in whole-grain consumption by 0.12 more serving when a respondent switches from a nonuser of food labels to a user. A switch from perceiving consuming plenty of grains as not important to important is expected to result in an increase in whole-grain consumption by 0.22 serving. Label use has no effect on refined-grain consumption, in terms of either probability or amount. Those who perceive grain consumption as important are only 1% more likely to consume and consume about 0.20 more serving (0.19 more serving conditional on consumption) of refined grains than those who perceive otherwise.
The variables that affect the use of food labels and/or perceived importance may have both indirect and direct effects on grain consumption. Household income has no direct effect on grain consumption, but it has an indirect effect on whole-grain consumption channeled through food label use. Education and several other variables are found to affect label use and perceived importance so they have indirect effects on grain consumption. Our results are consistent with the finding that whole-grain consumption rises with education (Bhargava and Hays). All else equal, males are more likely to consume both whole and refined grains and consume at higher levels, compared with females. This positive direct association between males and the probability of consuming whole grains will be cancelled out by the negative indirect association channeled through label use, resulting in an ambiguous total effect of males on consumption probability.
Compared with younger adults, seniors aged 61 and older are more (less) likely to consume whole (refined) grains and consume at a higher (lower) level. Little differences in terms of probability and level of consumption can be detected among younger adults.
Asians show the strongest preference for refined grains over whole grains. Compared with Whites, Blacks are less likely to consume grains (either refined or whole) and consume at lower levels. There are regional variations in grain consumption. Relative to other consumers, consumers living in the Western states register the strongest preference for whole grains over refined grains.
Household structure is classified into four categories -dual-or single-headed with or without children, with single-person household being the reference group.
Respondents from households with children (dual headed or single headed) are less likely to consume and consume fewer servings of whole grains. This is consistent with past findings that children prefer to consume white bread (Harnack, Walters, and Jacobs;
Moutou, Brewster, and Fox).
Concluding Remarks
Responding to mounting evidence of the association between whole-grain consumption and a reduced risk of heart problems and other diseases as well as body weight maintenance, the U.S. Government has strongly encouraged its citizens to increase consumption of whole grains. However, Americans tend to over-consume refined grains For example, children are known to prefer white breads and our results show that adults from households with children tend to prefer refined grains over whole grains.
Apparently, adults and children from the same household eat alike. Children's food choices are also known to be influenced by TV commercials (Hastings et al.) . Therefore, nutritional messages appealing to children during the hours when children watch TV are likely to be effective in encouraging children and their parents to consume more whole grains. As the use of food labels and the perceived importance of grain consumption have been found to affect the likelihood of consuming whole grains and the amount consumed, messages to encourage the use of food labels and to educate consumers the benefit of consuming grains, especially whole grains, will help reaching the recommendation for whole-grain consumption. and 10% levels, respectively. Asymptotic standard errors in parentheses. Asterisks ***, ** and * indicate significance at the 1%, 5% and 10% levels of significance, respectively.
